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THE PREPARATION OF SEVERAL PERMETHYLATED LINEAR POLY-
SILANES. FROM OCTASILANE TO DODECASILANE

3MAKOTO KUMADA, MITSUO ISHIKAWA axp SAJIRO MAEDA
Degartment of Syntketic Chemistry, Ryeto University, Kyofo (Japan)
{Received Juiy r3th, 1965)

Recentiy we have reported the preparation of six lower members of a homologous
series of permethylated linear polysilanes with the formula (I), from hexamethyl-
disilare to hexadecamethyvlheptasilane, by the sodium condensation with appropriate
chlorosilanes!. The tristlane and tetrasilane derivatives have been prepared also by
\Wilson and Smith? and by Stolberg?®, using sodium-potassium alloy.

TCH,
CH,—%—S[i_— I-CH, (D)
cu i

As an extension of the previous work, we have now prepared an additional five
higher homologs with the general formula described above: octadecamethyloctasilane
(I, n = 8§}, elcosamethvinonasilane (I, » = gj, docosamethyldecasilane (I, 2 = 10j,
tetracosamethylundecasilare (I, # = 11) and hexacosamethyldodecasilane (I, 2z =
12). These compounds were svnthesized by treating appropriate methvichiorosilanes
with sodium-potassium allov in a benzene-ligroin (b.p. 100-120°} or benzene-n-
heptane mixture. In order to facilitate the separation of products by fractional
distillation, the two chlorosilanes were so chosen that the polysilanes to be produced
would differ by two or three silicon atoms from each other. Thus, the octasilane,
decasilane and dodecasilane were obtained, along with the previously- reported tetra-
sitane and hexasilane, from the reaction involving chloropentamethyldisilane and
1,2-dichloroteiramethyvldisilane {(eqn. 1}; the ncnasilane was obtained together with
the hexasilane and dodecasilane from the reaction involving 1-chloroheptamethyvl-
trisilane and 1,3-dichlorohexamethyltrisilane (eqn. 2); and the undecasilane was
produced along with the pentasilane and octasilane from the reaction of chloro-
trimethylsilane with 1,3-dichlorohexamethyvitrisilane (eqn. 3).

(CH,),SiSi{CHy),Cl + CHCH,),SiSi(CH,),.Cl — (I} » = 4. 6, S, 10, 12 (1)
(CH,),SiSi{CH,),Si(CH,}.Cl -~ CHCH,),SiSiiCH,).S{(CH;).Cl —» (I) = = 6, 9, 12 {2)
(CH,),SiCl -+ CHCH,),SiSi{CH,},SH{CHy)aCl — {(Ij n = 5, 8, 11 (3)

These five new permethylated linear polysilanes are all white crystalline sub-
stances. The boiling and melting points, and analytical data of them are listed in
Table 1.
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LE 1

I PHYSICAL CONSTANTS AXD ANALYTICAL DATA FOR PERMETHYLATED LINEAR POLYSILANES

pound B.p. M.p. % C ° H % St AMol. ut.
SClmm °C Found Found Found Found
(Caled.) (Calcd.) (Calcd.) (Calcd.)
1 S1{CHy)a yCH,y 19S/4 63 43.56 10.97 4544 499
{43-65) (r0.99) {35.37) (195)
s ISI(CH,).,CHy 231/ 90.5 43.51 10.86 35.20 578
{43.42) {1091} (45.76] (353)
3 StCH4).11oCH, 245/ x5 43-47 11.09 45.59 612
. B} {43.20) (ro.88) (43.92) (612)
3 SUCHG}. 1, CH,  237/3 130 43-3¢ 10.89 46.09 644
] ) {43.04) (10.84) (46.12 {670}
3SUCH,)4 y.CHy  280/g 153 43.08 10.75 46.51 706
(42.90) {10.50) {46-30) 728)

The melting points of the permethylated linear polysilanes (I) are plotted
ainst the number of silicon atoms in Fig. 1. It is seen that the alternating effect of
ld and even numbered structures on the melting point exists up to the octasilane,
it, afterwards, the melting points display a regular progression as the molecular

eight increases.
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Fig. 1. Plois of melting points of permethylated linear polysilanes against number of silicon atoms.
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Further studies of the permethvlated linear polysilanes along various lines,
including chemical reactions and physical chemistry, are in progress.

EXPERIMENTAL

All temperatures reported here are uncorrected. Molecular weights were de-
termined by the cryoscopic method in benzene.

Chloropentamethyldisilane?, 1,2-dichlorotetramethyldisilanet, 1-chlerohepta-
methyltrisilane3, r,3-dichlorohexamethyltrisilane!-3 svere prepared as reported
previously.

Octadecanethvloctasilane (I, 12 = 8), docosamethyidecasilane (I, # = 10) and hexacosa-
methvidodecasiiane (I, it = 12)

An alloy was prepared from 7 g (0.3 g-atom) of sodium and 64.5 g (1.65 g-atom)
of potassium in 260 ml of ligroin (boiling range 100-1207}. To the stirred mixture was
added dropwise a mixture of 100 g (0.6 mole} of chloropentamethyldisilane and 113 g
(0.6 mole) of 1,2-dichlorotetramethvldisilane diluted with 300 ml of benzene under
gentle reflux. After addition was completed, the reaction mixture was kept under
reflux over a period of {0 h with stirring. At this point it was then decomposed by
adding successivelr 200 ml of an ethanol-acetic acid mixture (1:1), 300 ml of 70°;
aqueous ethanol and water. The organic laver was separated from the water laver
and an insoluble substance (4 g), washed, dried and distilled. The solvent-free reaction
product {20 gj thus obtained was dissolved in petroleum ether and treated with
concentrated sulfuric acid in the cold to remove any silicon-functional substances.
The petroleum ether laver was separated, washed to neutral and fractionally distilled
under reduced pressure in a column packed with glass helices rated at about 20
theoretical plates to give: (1} decamethylietrasilane (I, iz = 4), b.p. 79-¥07/3 mm,
1g g; (2} tetradecamethyvlhexasilane (I, 2 = 0}, b.p. 141-142°/ mm, crystals, 11 g;
{37 cctadecameihyloctasilane (I, 7 = 8;, b.p. 168-200°/4 mm, cryvstals, 6.5 g; (£
docosamethyldecasilane (I, » = 10;, b.p. 245°/4 mm, ervstals, 5 g; and (35) hexacosa-
methyidodecasilane (I, 5 = 12), b.p. 230°/4 mm, cryvstals, 3 g. Several recryvstal-
lizations of fractions {2}, (3), (i and {5} from cthanol gave, respectively, 7 g of the
hexasilane, m.p. 297 ; 1 g of the octasilane, m.p. 637; 2.5 g of the decasilane, m.p. 1157;
and 1.1 g of the dodecasilane, m.p. 153°.

To the sulfuric acid laver which had been separated from the petroleum layver
was added 7o g of aramonium hvdrogen fluoride in the cold to give 47 g of an organic
laver. The latier was fractionally distilled to give the following three fluorosilanes: g g
of x,a-diffuorotetramethyldisilane, b.p. g3°, 75y 1.3852 (lit.* b.p. 92-93°, ={y 1.3837)
(Found: F, 21.51. C,td,.F.51. caled.: F, 21.63°,.}; 4 g of fluoropentamethvldisilane,
b.p. 100’, ny 1.4029 {lit.f b.p. 1027, af;y 1.4031) (Found: F, 12.70. C;H,,FSi, caled.:
F, 12.64°;.} and 5 g of 1,¢4-difluorvoctamethyitetrasilane, b.p. 867,14 mm, 7y 14621,
d?0.9168, W R, 81.16 {ca.cd.: S1.45). (Found: F, 14.15. GH,,F.Si caled.: F, 14.04%,.)

Ercosasizethiyinonasilaie (I, n = 9}

To a stirred alloy prepared from 2.3 g (0.1 g-atom) of sodium and 22.4 g {0.57
g-atom) of potassium in 150 ml of ligroin was added a mixture of 1-chloroheptamethyl-
trisilane (70 g, 0.31 mole} and 1,3-dichlorohexamethyltrisilane (38 g, 0.16 mole} in
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benzene (300 ml) under gentle reflux. The reaction mixture was then worked up in
essentially the same manner as described above. There were obtained crude crystals of
(r) 20 g of tetradecamethylhexasilane (I, z = 6), b.p. 138-139°/4 mm, (2) 10 g of
eicosamethvinonasilane (I, 2 == g), b.p. 231°/4 mm, and (3) 5.5 g of hexacosamethyl-
dodecasilane (I, # = 12), b.p. 252°/3 mm. Repeated recryvstallizations of fractions (z),
2} and (3) mostlyv from ethanol gave, respectively, pure samples of the hexasilane
(m.p. 29°, 12.6 g), nonasilane (m.p. g0.5°, 4.7 g) and dodecasilane (m.p. 153°, 1.4 g).

Tetracosasethvliundecasiiane (I, 1 = I11I)

A mixture of 48.7 g (0.45 mole) of chlorotrimethylsilane, 110 g (0.45 mole) of
1.3-dichlorohexamethyltrisilane in 300 ml of dryv benzene was added to a stirred alloy
of sodium (5.1 g, o.22 g-atom) and potassium (49.I g, 1.26 g-atom) in 150 ml of
ni-heptane. The reaction mixture was then worked up as above. Fractional distillation
of the product after treatment with sulfuric acid gave the following three fractions as
identitied substances: (1) 26 g of dodecamethylpentasilane (I, # = 3), b.p- T1x°/3 mm,
15y 1.3061, d3°0.82g6 (lit.! b.p. 131°/S mm, 5y 1.5060, d;° 0.8329); (2) 9 g of crystalline
octadecamethvloctasilane (I, 2 = 8), b.p. 194-198°/3 mm; and (3) 6 g of crystalline
tetracosamethyvlundecasilane (I, 2 = 11), b.p. 257°/3 mm. Several recrvstallizations
from ethanol of fractions (2) and (3} gave, respectively, pure samples of the octa-
silane {m.p. 62.5-637, 4.5 g) and the undecasilane {m.p. 130°, 1.0 g).
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SUMMARY

Five new permethylated linear polvsilanes of the formula CH, Si{CH ). nCH,,
where 2 is equal wo §, g, 10, 11 and 12, have been prepared from the co-condensation
of appropriate chlorosilanes using sodium-potassium alloy as condensing agent in a
benzene-ligroin or benzene—s-heptane mixture. These compounds are all white crystal-
line substances. The melting points display a regular progression as the number of
silicon atoms increases, in good contrast with those of the lower homologs of this
series of compounds for which the melting points of odd and even numbered structures
alternate.
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